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© Stamp formed exhaust muffler with conformal outer shell. 



(§) A stamp formed exhaust muffler (10) for mount- 
ing on a vehicle is provided. The muffler (10) com- 
prises a plurality of plates (12, 14) secured in jux- 
taposed relationship and stamp formed to define an 
array of tubes therebetween. At least one external 
shell (16, 18) is secured to the internal plates (12, 
14) to define at least one chamber which commu- 
nicates with the array of tubes. The external shell 
(18) includes a conformal area (66) which permits 
the muffler to conform to the shape of a structure on 
the vehicle. The conformal area (66) may be an area 
^Jof generally arcuate concavity when viewed from the 
^exterior of the muffler or may define an internal 
^corner on the muffler. Thus, a plane or line connect- 
JWjng two locations on the conformal area of the exter- 
• nal shell will pass through the interference zone of a 
structure on the vehicle. 
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STAMP FORMED EXHAUST MUFFLER WITH CONFORMAL OUTER SHELL 



BACKGROUND OF THE INVENTION 



Prior art vehicular exhaust mufflers typically 
comprise an array of parallel tubes supported by 
transversely extending baffles and mounted within 
a generally tubular outer shell of circular or oval 
cross section. The array of tubes in the prior art 
muffler typically comprises an inlet tube connec- 
table to the exhaust pipe coming from the engine, 
an outlet tube connectable to the tail pipe and one 
or more additional tubes to provide communication 
between the inlet and outlet. The baffles of the 
prior art muffler typically conform to the cross- 
sectional shape of the outer shell such that the 
baffles and the outer shell define a plurality of 
chambers within the muffler. The pipes disposed in 
the prior art muffler communicate with one or more 
of the chambers. For example, certain pipes ex- 
tending through a chamber might be perforated or 
louvered to allow the exhaust gases to expand into 
the chamber and/or to permit a controlled amount 
of cross flow between two perforated tubes in the 
expansion chamber. The prior art muffler could 
also include a tuning tube extending into an at least 
partly enclosed low frequency resonating chamber 
for the purpose of attenuating a fairly narrow range 
of low frequency noise. 

The noise and pressure characteristics of ex- 
haust gases vary widely from one engine type to 
another. Thus, exhaust mufflers are carefully en- 
gineered for each vehicle engine type to ensure 
that the muffler attenuates noise properly for Its 
intended vehicle and achieves the specified levels 
of noise and back pressure. The parameters that 
affect these performance characteristics include the 
cross-sectional area of the tubes within the muffler, 
the cross-sectional area encompassed by perfora- 
tions or louvers, the length and cross-sectional 
dimensions of tuning tubes, the volume of the 
various low frequency resonating chambers and 
expansion chambers and so forth. 

in addition to the acoustical design parameters, 
automotive engineers must contend with the limited 
available space on the vehicle. In particular, other 
structures on the vehicle such as the gas tank, the 
passenger compartments, the trunk and spare tire 
well, the drive train and suspension components 
typically have set volume and location require- 
ments that limit the number, the size and the shape 
of the locations available for the muffler. Addition- 
ally, most automobile manufacturers establish sight 
lines and ramp clearances above which all struc- 
tural components, including the exhaust system, 
must be disposed. These various space limitations 



and controls have imposed severe design con- 
straints and limitations on the manufacturer of the 
prior art mufflers. In particular, the muffler manufac- 
turer could alter the length of the prior art muffler 

5 to fit the available space and could select an ap- 
propriate size oval or circular cross section in an 
attempt to match the space envelope on the ve- 
hicle. However, in virtually all situations, the manu- 
facturer of the prior art muffler was limited to 

10 generally rectangular top, bottom and side plan 
view configurations of the muffler and a circular or 
oval transverse cross section. As a general rule, it 
becomes increasingly more difficult to achieve 
specified noise and back pressure levels as the 

15 volume or size of the muffler is decreased. Smaller 
mufflers tend to increase back pressure and limit 
the number of acoustical tuning options that are 
available. 

The prior art includes various stamp formed 

20 mufflers. Many of these prior art stamp formed 
mufflers have comprised a pair of stamp formed 
plates secured in juxtaposed relationship, with the 
stamp forming defining a circuitous route for the 
exhaust gases to follow. The particular circuitous 

25 route of these prior art stamp formed mufflers was 
intended to attenuate the exhaust gas noise. Exam- 
ples of such prior art mufflers include U.S. Patent 
No. 2,484,827 which issued to Harley on October 
18, 1949 and U.S. Patent No. 3,638,756 which 

30 issued to Thiele on February 1, 1972. Other prior 
art stamp formed mufflers have included at least 
one pair of stamped internal plates which define 
tubes and/or baffles and a pair of stamped external 
shells to define an enclosure around the internal 

35 plates. Prior art mufflers of this general construc- 
tion are shown in: U.S. Patent No. 4,132,286 which 
issued to Hasui et ai on January 2, 1979; U.S. 
Patent No. 4,456,091 which issued to Blanchot on 
June 26. 1984; and British Patent No. 632.013 

40 which issued in 1949. Other prior art mufflers have 
included stamp formed external shells with internal 
components comprising both tubular and stamp 
formed components, such as the muffler shown in 
Japanese Patent No. 59-43456, while still others 

45 have included stamp formed internal components 
with conventional wrapped outer shells, such as the 
muffler shown in U.S. Patent No. 4,396,090 which 
issued to Wolfhugel on August 2, 1983. 

Recently there have been several significant 

so engineering improvements in mufflers fabricated 
from a plurality of formed sheets of metal. In par- 
ticular, the metal sheets of these mufflers are ap- 
propriately deformed by available processes such 
as stamp forming, hydroforming, explosion forming 
or magnetic forming. For example, a formed muf- 
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fler with an array of tubes including tuning tubes 
and with low frequency resonating chambers and 
expansion chambers is shown in U.S. Patent No. 
4,700,806 which issued to Jon Harwood on October 
20, 1987 and which is assigned to the assignee of 
the subject invention. The mufflers shown and de- 
scribed in U.S. Patent No. 4,700,806 affords many 
engineering and manufacturing advantages in view 
of its stamp formed construction, while also achiev- 
ing sound attenuation options that had not pre- 
viously been available with stamp formed mufflers. 
The disclosure of U.S. Patent No. 4,700,806 is 
incorporated herein by reference. 

As noted above, the prior art conventional muf- 
fler formed with tubular internal components, baf- 
fles and a wrapped outer shell is typically of gen- 
erally rectangular configuration in its top, bottom 
and side plan views and oval or circular in trans- 
verse cross section. Also as noted above, this 
limitation on the shape of the muffler has created 
significant challenges to the automotive engineers 
attempting to dosign the exhaust system within the 
bmrted space envelopes on the vehicle. The above 
described prior art stamp formed mufflers have 
also generally conformed to this rectangular plan 
view configuration to define a generally convex 
polyhedral external shape. However, certain of 
these prior art stamp formed mufflers have some- 
what softened the polyhedral configuration with 
tapers at the opposed ends, such as in the above 
referenced U.S. Patent No. 3,638.756 and U.S. 
Patent No. 4,132.286. U.S. Patent No. 4.700,806 
also shows that the rectangular side elevational 
view can be altered with a tapered end wall. 

Further advancements in muffler construction 
are shown in co-pending patent application Serial 
No. 061 ,876 which was filed by Jon Harwood et al 
on June 11. 1987 and is directed to an exhaust 
muffler with angularly aligned inlets and outlets. In 
particular, co-pending application Serial No. 
061 .876 shows a generally polyhedral exhaust muf- 
fler of generally pentagonal top plan view configu- 
ration achieved by truncating one comer of an 
otherwise rectangular top plan view to enable the 
muffler to be placed in proximity to the differential 
of a rear wheel drive vehicle. Co-pending applica- 
tion Serial No. 061,876 further shows that the 
stamp formed construction enables the inlets and 
outlets of the muffler to be angularly aligned rela- 
tive to one another and relative to the centeriine of 
the muffler, and further enables at least one inlet or 
outlet to extend from the top or bottom of the 
muffler, thereby obviating the need for long tubular 
bends and enabling the muffler to be placed in 
closer proximity to other structures on the vehicle. 
A similar disposition of a muffler inlet and/or outlet 
is shown in co-pending application Serial No. 
061,913 which also was filed by Jon Harwood on 



June 11, 1987 and is directed to the tube and 
chamber construction for an exhaust muffler. These 
co-pending applications are assigned to the as- 
signee of the subject invention and their disclo- 

5 sures are incorporated herein by reference. 

Several of the above identified prior art referen- 
ces show stamp formed mufflers where the exter- 
nal shells include indentations to achieve or contri- 
bute to a particular required circuitous flow of ex- 

10 haust gases. For example, the above described 
U.S. Patent No. 4,700,806 and the co-pending ap- 
plications all show formed mufflers wherein the 
external shells include creases or indentations 
which extend into contact with the internal plates to 

75 define chambers surrounding the array of tubes in 
the muffler. 

Despite the significant recent advances in 
stamp formed mufflers, the mufflers have defined 
an exterior profile or space envelope, relative to 

20 other parts of the vehicle, of generally convex 
polyhedral shape. It is now realized that this geo- 
metric limitation may create difficulties in attempt- 
ing to position an acoustically acceptable muffler 
within the limited space on a vehicle. 

25 In view of the above, it is an object of the 

subject invention to provide a muffler comprising a 
plurality of stamp formed components configured 
to conform closely to the shape of other structures 
on the vehicle. 

30 It is another object of the subject invention to 

provide a muffler having a plurality of stamp 
formed external shells, at least one of which is 
stamped to conform to the available space on a 
vehicle. 

35 An additional object of the subject invention is 

to provide a muffler having at least one stamped 
external shell which is generally concave in con- 
figuration and conformal with respect to at least 
one other structural component on a vehicle. 

40 A further object of the subject invention is to 

provide a vehicular exhaust muffler having a plural- 
ity of external shells, at least one of which is 
concave to substantially follow an interference zone 
surrounding at least one other structural component 

45 on a vehicle. 

Still a further object of the subject invention is 
to provide an exhaust muffler having at least one 
external shell configured to at least partly surround 
another structure on the vehicle. 

50 

SUMMARY OF THE INVENTION 



55 The subject invention is directed to a muffler 

comprising a plurality of formed sheet metal com- 
ponents. Typically, the metal sheets are formed by 
stamping, but other known forming methods can be 
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employed, such as hydroforming, explosion for- 
ming or magnetic forming. As used herein, the 
terms forming and/or stamp forming are considered 
to comprise all such forming methods where forces 
are applied to a sheet to achieve a specified form. 
The muffler may comprise a pair of plates secured 
in juxtaposed relationship and formed to define an 
array of tubes therebetween. The plates may ini- 
tially be separate, or may be a single plate folded 
onto itself. The array of tubes comprises at least 
one inlet and at least one outlet to the muffler. 
Selected locations on the plates may be formed to 
include perforations, louvers or apertures which 
permit a controlled flow of exhaust gases from the 
array of tubes at locations between the inlet and 
outlet. 

The muffler further comprises at least one ex- 
ternal shell secured to the plates. The external 
shell is formed to define at least one chamber 
surrounding selected portions of the plates, such 
as portions that have been stamped to include 
perforations, louvers, apertures or the like. In cer- 
tain embodiments the muffler may comprise a pair 
of stamp formed plates secured in face-to-face 
relationship and a pair of stamp formed external 
shells secured to and surrounding the plates. 

At least one external shell has a portion which 
is of generally concave conformai configuration 
with respect to at least one other nonplanar or 
polyhedral structure on the vehicle. In this context, 
"conformai" is defined as conforming to the shape 
of some other nonplanar structure on the underside 
of the vehicle or the interference zone specified for 
that ether structure. Also in this context "concave" 
is intended to encom pass both an inwardly di- 
rected arcuate surface or an inwardly directed area 
defined by two intersecting surfaces such as on a 
concave polyhedron. Thus, the concave confor- 
mally configured external shell of the muffler will 
effectively surround a generally convex portion of 
the other structure on the vehicle or the interfer- 
ence zone of that other structure. With this con- 
struction, a line or plane connecting spaced apart 
locations of the conformai area of the external shell 
will pass through either another structure on the 
vehicle or the interference zone surrounding such 
other structure. More particularly, a line or a plane 
connecting the extremes of the conformai area on 
the muffler may pass through an unrelated struc- 
ture on the vehicle or through the interference zone 
of that structure. 

To clarify the configuration of the subject muf- 
fler, it must be noted that in this context the muffler 
is not considered to comprise the inlet or outlet 
nipples extending therefrom and that the conformai 
area does not include an inlet or outlet nipple of 
the muffler. Additionally, the other structures of the 
vehicle to which the subject muffler conforms in 
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shape do not include mounting brackets and other 
such hardware for securing the muffler to the ve- 
hicle. In this regard, the prior art does show both 
conventional and stamp formed mufflers where a 
5 mounting bracket is disposed in the corner defined 
between an inlet or outlet nipple and an end wall of 
the muffler. 

In certain embodiments the muffler may com- 
prise a pair of internal plates secured in face to 

70 face relationship to define an inlet and an outlet 
and a pair of tuning tubes disposed therebetween. 
The muffler may further comprise a pair of stamp 
formed external shells. One tuning tube may com- 
municate with a low frequency resonating chamber 

15 defined by one external shell and one internal 
plate, while the other tuning tube may commu- 
nicate with a low frequency resonating chamber 
defined by the other internal plate and the other 
external shell. This muffler may be configured to 

20 be disposed generally in line with the drive shaft of 
the vehicle. Thus, the stamp formed external shell 
which will be disposed generally in face-to-face 
relationship with the underside of the vehicle will 
be stamp formed to define an elongated concave 

25 portion to conform to the shape of the drive shaft 
and the interference zone surrounding the drive 
shaft. This concave portion may terminate at two 
spaced apart generally parallel ridges. The portion 
of the muffler between these ridges would be 

30 spaced inwardly from a line or plane connecting 
the two ridges. Furthermore, when the muffler is 
mounted to the vehicle a chordal line or plane 
connecting these ridges would pass through the 
interference zone surrounding the drive shaft, and 

35 in certain embodiments would .extend through the 
drive shaft as well. Preferably, the muffler would 
conform to the shape of the interference zone. 
More particularly, the conformai area of the muffler 
may be generally uniformly spaced from the drive 

40 shaft. This ability to form the external shell to partly 
surround the drive shaft greatly facilitates the abil- 
ity to achieve the required volume for the low 
frequency resonating chamber within the limited 
available space on the vehicle. As noted above, 

45 larger volumes may be critical for achieving speci- 
fied noise levels without unacceptably raising back 
pressure. The opposed external shell of the muffler 
would be facing the road or other surface on which 
the vehicle is supported, and would not necessarily 

so require a concave configuration. Rather, the other 
external shell of the muffler would be provided with 
a configuration to ensure that the entire muffler is 
within the specified sight lines, achieves the re- 
quired ramp clearance and is consistent with the 

55 desired aerodynamic shape of the vehicle. 

Another possible muffler configuration would 
include a pair of plates stamp formed to define an 
inlet and outlet and an array of tubes therebetween. 

4 
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The external shells would be stamp formed to 
generally define a concave polyhedron with an 
inwardly directed corner which conforms to the 
shape of the trunk well, the spare tire well or the 
passenger compartment This internal corner may 
be formed by two intersecting generally planar 
surfaces of the external shell or two distinct arcuate 
surfaces of the external shell. A line or plane con- 
necting selected locations on these two intersecting 
surfaces would pass through the trunk well, spare 
tire well or other such structure on the vehicle or 
the interference zone surrounding such other struc- 
ture. For example, the inwardly directed corner 
may be defined by two generally planar surfaces 
which extend away from the inwardly directed cor- 
ner to two respective external or outwardly directed 
corners. A line connecting these two external cor- 
ners would pass through the adjacent part of the 
vehicle or through the interference zone of such 
adjacent part, and would be spaced away from 
parts of the muffler therebetween. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is an exploded perspective view of a 
muffler in accordance with the subject invention. 

FIG. 2 is a perspective view of the muffler of 
FIG. 1 shown in its assembled condition. 

FIG. 3 is a top plan view of the muffler 
shown in FIG. 2. 

FIG. 4 is a bottom plan view of the muffler 
shown in FIG. 2. 

FIG. 5 is a side elevational view of the muf- 
fler shown in FIG. 2 and mounted on a vehicle. 

FIG. 6 is a cross section taken along line 6-6 
in FIG. 5. 

FIG. 7 is a cross-sectional view taken along 
line 7-7 in Fig. 6. 

FIG. 8 is an elevational view of an alternate 
muffler mounted on a vehicle and viewed from the 
rear of the vehicle. 

FIG. 9 is a top plan view of the muffler 
shown in FIG. 8. 

FIG. 10 is a side elevational view of the 
muffler shown in FIG. 8. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



A muffler in accordance with the subject inven- 
tion is illustrated in FIGS. 1-7, and is identified 
generally by the numeral 10. The muffler 10 com- 
prises a pair of internal plates 12 and 14 and a pair 
of external shells 16 and 18. The muffler 10 is of 



the type generally referred to as a resonator, and, 
as explained herein, is operative to attenuate two 
distinct and relatively narrow frequency ranges of 
noise. The muffler 10 typically would be employed 

s in combination with at least one other muffler that 
would be operative to attenuate a generally broader 
range of exhaust gas noise frequencies. Alter- 
natively, the internal plates 12 and 14 shown herein 
could be of different configuration to achieve a 

io broader range of sound attenuation. 

The internal plate 12 is stamp formed to define 
a pair of inlet channels 20 and 22 which extend 
from peripheral locations 21 and 23 on the internal 
plate 12 toward a confluence 24 at which the inlet 

is channels 20 and 22 communicate with one another. 
The stamp formed internal plate 12 further com- 
prises an outlet channel 26 which extends from the 
confluence 24 to peripheral location 28 on the 
internal plate 12. Tuning channels 30 and 32 com- 

20 municate with the outlet channel 26 at locations 33 
and 31 respectively The tuning channel 30 termi- 
nates at a tuning aperture 34. However, tuning 
channel 32 defines an enclosed end 35. 

The stamped internal plate 14 is dimensioned 

25 to be placed in register with the internal plate 12. 
More particularly, the internal plate 14 includes 
inlet channels 40 and 42 which extend from periph- 
eral locations 41 and 43 respectively to confluence 
44. The internal plate 14 further comprises an 

30 outlet tube 46 extending from the confluence 44 to 
a peripheral location 48. The internal plate 14 is 
stamp formed to define tuning channels 50 and 52 
which extend from the outlet channel 46 at loca- 
tions 53 and 51 respectively. The tuning channel 

35 52 terminates at a tuning aperture 54, while tuning 
channel 50 terminates at a closed end 55. 

The inlet channels 20 and 22 and the outlet 
channel 26 of the internal plate 12 are stamped to 
be in register with the inlet channels 40 and 42 and 

40 the outlet channel 46 of the internal plate 14 to 
define a pair of inlet tubes and an outlet tube which 
are connectable respectively to nipples 56, 57 and 
58 which in turn are connectable to the exhaust 
pipes and tail pipe of a vehicle. In other embodi- 

45 ments. the tubular members 56 r 57 and 58 may 
comprise portions of the exhaust pipes and tail 
pipe without the use of separate nipples. The tun- 
ing channels 30 and 32 of the Internal plate 12 are 
disposed to be in register with the tuning channels 

50 50 and 52 of the internal plate 14 to define a pair of 
tuning tubes. The tuning tube defined by tuning 
channels 30 and 50 communicates with a low fre- 
quency resonating chamber through tuning aper- 
ture 34 in the internal plate 12. The tuning tube 

55 defined by tuning channels 32 and 52 commu- 
nicates with a separate low frequency resonating 
chamber through the tuning aperture 54 in the 
internal plate 14. The length and cross-sectional 
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dimensions of the tuning channels 30, 32, 50 and 
52 are carefully selected in accordance with the 
specific ranges of exhaust gas noise frequency to 
be attenuated by the muffler 10. Similarly, the 
volumes of the respective low frequency resonating 
chambers with which the respective tuning tubes 
will communicate also will be selected in accor- 
dance with the specific noise frequencies to be 
attenuated. 

The external shell 16 includes a peripheral 
flange 59 which is dimensioned and configured to 
engage the peripheral portion of the internal plate 
14. The portion of the external shell 16 disposed 
inwardly from the peripheral flange 59 defines a 
low frequency resonating chamber 60 which will 
communicate with the tuning aperture 54 stamped 
in the internal plate 14. The volume defined by the 
low frequency resonating chamber 60 is selected in 
view of the length and cross-sectional area of the 
tuning tube defined by channels 32 and 52 to 
attenuate a specific range of noise frequencies. It 
will be noted that the configuration of the low 
frequency resonating chamber 60 is such that sub- 
stantially the entire chamber 60 is of convex con- 
figuration Arhen viewed from the exterior of the 
muffler 10. Additionally, it will be noted that the low 
frequency resonating chamber 60 is characterized 
by reinforcing ribs 61 which are stamped therein to 
substantially minimize or prevent the propagation 
of radiated noise or shell noise. 

The external shell 18 includes a peripheral 
flange 62 which is configured and dimensioned to 
abut the peripheral portion of the stamped internal 
plate 12. The external shell 18 is stamp formed to 
define a low frequency resonating chamber 64 that 
will communicate with the tuning tube formed by 
tuning channels 30 and 50 through the tuning ap- 
erture 34. The total volume defined by the low 
frequency resonating chamber 64 of the external 
shell 18 is selected in view of the particular length 
and cross-sectional area of the tuning tube defined 
by channels 30 and 50 and the frequency of the 
noise to be attenuated. 

The low frequency resonating chamber 64, un- 
like the chamber 60 in the external shell 16, is not 
uniformly convex when viewed externally. Rather, 
the low frequency resonating chamber 64 includes 
an elongated conformal area 66 of generally ar- 
cuate concave configuration when viewed from the 
outside of the muffler 10. More particularly, the low 
frequency resonating chamber 64 comprises a pair 
of generally planar walls 68 and 69 extending away 
from the peripheral flange 62 from opposite longitu- 
dinal sides of the external shell 18 and converging 
toward one another to substantially conform to the 
shape of the interference zone 70 surrounding the 
passenger compartment 71. The converging sur- 
faces 68 and 69 terminate at elongated spaced 



apart ridges 72 and 74. As shown most clearly in 
FIG. 6, the ridges 72 and 74 are generally convex 
when viewed from the exterior of the muffler 10 
and define generally small radius curves. A chordal 
s plane P extending between the ridges 72 and 74 
would be spaced from the conformal area 66 dis- 
posed intermediate the ridges 72 and 74. The 
conformal area 66 is dimensioned and configured 
to substantially follow the shape of the interference 
70 zone 76 surrounding the drive shaft 78 of a vehicle. 
As a result, the chordal plane P extending between 
the ridges 72 and 74 would intersect both the 
interference zone 76 and the drive shaft 78. It will 
be understood that in certain embodiments the 
75 shape of the concave conformal zone may be 
selected such that a plane comparable to chordal 
plane P would pass through the interference zone 
but would be tangent to or slightly spaced from the 
structure of the vehicle about which the interfer- 
20 ence zone is disposed. 

A second embodiment of a muffler in accor- 
dance with the subject invention is illustrated in 
FIGS. 8-10 and is identified generally by the nu- 
meral 80. The muffler 80 may be employed in 
25 conjunction with the resonator/muffler 10 described 
above or may be employed independent of any 
other muffler. The muffler 80 comprises internal 
plates 82 and 84 and external shells 86 and 88. 
The internal plates 82 and 84 are secured in jux- 
30 taposed relationship and are stamp formed to de- 
fine an array of tubes therebetween. The tubes 
defined by the stamp forming of internal plates 82 
and 84 comprise an inlet connectable to nipple 90 
or to the exhaust pipe and an outlet connect able 
35 to nipple 92 or to the tail pipe. The configuration of 
the tubes stamped in the internal plates 82 and 84 
and disposed intermediate the nipples 90 and 92 
will be selected in accordance with the particular 
noise characteristics of the vehicle onto which the 
40 muffler 80 is mounted. For example, the internal 
plates 82 and 84 may comprise arrays of perfora- 
tions and at least one tuning tube as disclosed in 
the above identified U.S. Patent No. 4,700,824 or in 
the above cited co-pending applications. 
45 The external shell 86 is disposed to face the 

road or other surface on which the vehicle is sup- 
ported. Thus, the external shell 86 defines a profile 
which generally conforms to the established sight 
line S for the vehicle and the ramp clearances. The 
so external shell 86 comprises a peripheral flange 94 
which is configured and dimensioned to be placed 
in register with the peripheral portion of the internal 
plate 82. The remainder of the external shell 86 
defines a chamber 96 which is substantially entirely 
55 convex when viewed from the exterior of the muf- 
fler 80. 

The external shell 88 includes a peripheral 
flange 102 which is configured and dimensioned to 
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be secured to the internal plate 84. The external 
shell 88 defines a chamber 104 disposed inwardly 
from the peripheral flange 102. However, the exter- 
nal shell 88 is not substantially uniformly convex 
when viewed from the exterior of the muffler 80. 
More particularly, the chamber 104 is defined by 
opposed generally converging long and short end 
walls 106 and 108 which converge upwardly from 
the peripheral flange 102. Opposed side walls 110 
and 112 also converge upwardly from the periph- 
eral flange 102 and extend between and connect 
the end walls 106 and 108. Top wall 114 is con- 
nected to the long end wall 106 and portions of the 
side walls 110 and 112. 

The conformal area of the external shell 88 is 
indicated generally by the numeral 116 and is 
formed by walls 118 and 120 which intersect at an 
internal corner 122. More particularly, the walls 118 
and 120 diverge from the corner 122 to join with 
the short end wall 108 and the top wall 114 at 
external corners 124 and 126 respectively. The 
configuration of the conformal area 116 is selected 
to conform to the interference zone 128 which 
surrounds the structural component 130 of the ve- 
hicle on which the muffler 80 is mounted. For 
example, the structural component 130 may com- 
prise the spare tire well or trunk of the vehicle. 
With this configuration, a plane P extending be- 
tween the corners 124 and 126 will pass through 
the interference zone 128 of structure 130. and in 
this particular embodiment will also pass through 
the structure 130. As noted with the previous em- 
bodiment, this configuration enables the muffler 80 
to conform to the available space on the vehicle. 
As a result the volume required for the chamber 
104 can be achieved by efficiently utilizing as 
much of the odd-shaped available space as is 
required. 

In summary, a stamp formed muffler is pro- 
vided with a plurality of plates stamped to define 
an array of tubes therebetween, including at least 
one inlet and at least one outlet. At least one 
external shell is secured to one of the stamped 
plates. The external shell is configured to define at 
least one chamber which communicates with the 
array of tubes defined by the plates. The external 
shell includes a generally concave conformal area 
which is configured to conform to the shape of a 
structure on the vehicle. The conformal area of the 
external shell may comprise an arcuate concave 
area or an internal corner when viewed from the 
exterior of the muffler. Thus, a plane extending 
across the conformal area will pass through at least 
the interference zone surrounding the structure on 
the vehicle or through the structure itself. 

While the invention has been described with 
respect to certain preferred embodiments, it is ap- 



parent that various changes can be made without 
departing from the scope of the invention as de- 
fined by the appended claims. 

5 

Claims 

1. An exhaust muffler for mounting in proximity 
to a generally convex structure on a vehicle, said 

70 muffler comprising: 

a plurality of plates secured in face-to-face relation- 
ship and formed to define at least one inlet and at 
least one outlet for said muffler and at least one 
tube extending therebetween; and 

is an external shell secured to at least one of said 
plates and defining at least one chamber in com- 
munication with said tube, said external shell com- 
prising a generally concave conformal area con- 
forming to the shape of at least a portion of said 

20 structure, said conformal area being configured 
such that at least one line connecting spaced apart 
locations on said conformal area passes through 
said structure when said muffler is mounted to said 
vehicle. 

25 2. A muffler as in claim 1 wherein said con- 

formal area is configured to be approximately uni- 
formly spaced from said structure of said vehicle 
by a distance approximately equally to a minimum 
acceptable clearance between said structure and 

30 said muffler to define an interference zone between 
said structure and said muffler. 

3. An exhaust muffler for mounting in proximity 
to a generally convex arcuate structure on a ve- 
hicle, said muffler comprising: 

35 a pair of plates secured in face-to-face relationship, 
said plates being formed to define at least one inlet 
and at least one outlet to said muffler and at least 
one tube extending therebetween; and 
at least one external shell secured to said plates 

40 and defining at least one chamber in communica- 
tion with said tube, said external shell defining an 
inwardly concave arcuate conformal area generally 
conforming to the shape of said arcuate structure 
of said vehicle and spaced therefrom to define an 

45 interference zone between said arcuate structure 
and said muffler such that chordal lines extending 
between selected points on said concave confor- 
mal area of said external shell pass through said 
interference zone when said muffler is mounted to 

so said vehicle. 

4. A muffler as in claim 3 wherein selected 
ones of said chordal lines extend through said 
arcuate structure. 

5. A muffler as in claim 3 wherein said vehicle 
55 comprises a drive shaft which defines said arcuate 

structure of the vehicle, and wherein the concave 
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conformal area of said external shell is approxi- 
mately equally spaced from and concentric with 
said drive shaft. 

6. An exhaust muffler for mounting in proximity 
to a generally polyhedral structure on a vehicle, 
said generally polyhedral structure comprising a 
plurality of surfaces intersecting to define an out- 
wardly directed corner on said vehicle, said muffler 
comprising: 

a pair of plates secured in face-to-face relationship, 
said plates being formed to define at least one inlet 
and at least one outlet to said muffler and at least 
one tube extending therebetween; and 
at least one external shell secured to at least one 
of said plates and defining at least one chamber in 
communication with said array of tubes, said exter- 
nal shell comprising a plurality of intersecting sur- 
faces, at least two of said surfaces intersecting at 
an inwardly directed corner to define a conformal 
area, said conformal area of said external shell 
generally conforming to the shape of the intersect- 
ing surfaces defining the outwardly directed comer 
of said polyhedral structure on said vehicle. 

7. An exhaust muffler for mounting on the 
underside of a vehicle and in proximity to the trunk 
well of said vehicle, said trunk well comprising at 
least one outwardly directed corner, said muffler 
comprising: 

a pair of plates secured in juxtaposed relationship 
and formed to define at least one inlet and at least 
one outlet to said muffler and at least one tube 
extending therebetween; and 
at least one external shell secured to at least one 
of said plates, said external shell being formed to 
comprise a plurality of intersecting walls, said walls 
defining at least one chamber of said muffler, at 
least two of said walls intersecting to define an 
inwardly directed conformal area substantially con- 
forming to the shape of the outwardly directed 
corner of said trunk well. 

8. An exhaust muffler for mounting in proximity 
to a generally convex structural component on a 
vehicle, an interference zone at least partly sur- 
rounding said generally convex structural compo- 
nent, and defining a minimum acceptable clearance 
between said structural component and said muf- 
fler, said muffler comprising: 

a plurality of plates secured in face-to-face relation- 
ship and formed to define at least one inlet and at 
least one outlet for said muffler and at least one 
tube extending therebetween; and 
an external shell secured to at least one of said 
plates and defining at least one chamber in com- 
munication with said tube, said external shell com- 
prising a generally concave conformal area gen- 
erally conforming to the shape of at least a portion 
of the interference zone surrounding said- structural 
component, said conformal area being configured 
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such that at least one line connecting spaced apart 
locations on said conformal area passes through 
said interference zone when said muffler is moun- 
ted to said vehicle. 

5 9. An exhaust muffler for mounting on the 

underside of a vehicle, said underside of said ve- 
hicle comprising at least one convex surface and at 
least one concave surface, said convex and con- 
cave surfaces of said vehicle being in proximity to 

io one another, said muffler comprising: 

a plurality of plates secured in face-to-face relation- 
ship and formed to define at least one inlet and at 
least one outlet for said muffler and at least one 
tube extending therebetween; and 

75 an external shell secured to at least one of said 
plates and defining at least one chamber in com- 
munication with said tube, said external shell com- 
prising both convex and concave portions generally 
conforming to the shape of selected convex and 

20 concave surfaces on the underside of the vehicle, 
whereby said muffler can be mounted in nested 
relationship to said selected convex and concave 
surfaces on the underside of said vehicle. 

10. An exhaust muffler for mounting in proxim- 
25 ity to a generally convex structure on a vehicle, 

said muffler comprising: 

an array of tubes comprising at least one inlet and 

at least one outlet for said muffler; and 

a pair of external shells secured to one another and 

30 around said array of tubes, one said external shell 
comprising a generally concave conformal area 
conforming to the shape of at least a portion of the 
structure, whereby said conformal area can be dis- 
posed in generally nested relationship to said 

35 structure when said muffler is mounted to said 
vehicle. 

11. A muffler as in claim 1 wherein said gen- 
erally concave conformal area is of generally ar- 
cuate configuration. 

40 12. A muffler as in claim 1 wherein said gen- 

erally concave conformal area comprises an in- 
wardly directed comer on said muffler defined by 
two intersecting surfaces. 

13. A muffler as in claim 3 wherein said exter- 
45 nal shell of said muffler comprises a pair of out- 
wardly convex ridges adjacent to and defining the 
limits of said concave conformal area. 

14. A muffler as in claim 13 wherein said 
ridges lie generally within a common plane, said 

so plane extending through the interference zone sur- 
rounding said arcuate structure of said vehicle. 

15. A muffler as in claim 14 wherein said 
ridges are generally parallel to one another. 

16. A muffler as in claim 6 wherein at least one 
55 of said surfaces defining said conformal area is 

generally planar. 
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17. A muffler as in claim 6 wherein at least one 
of said surfaces defining said conformal area is 
generally arcuate. 

18. A muffler as in claim 6 wherein the angle 
defined by the inwardly directed corner on said 
muffler approximately equals the angle defined by 
the outwardly directed corner on said structure. 

19. A muffler as in claim 6 wherein each of 
said surfaces of said conformal area comprises at 
least one location most distant from said inwardly 
directed corner, and wherein a line connecting said 
most distant locations on the respective surfaces of 
said conformal area passes through said polyhedral 
structure of said vehicle. 

20. A muffler as in claim 7 wherein said exter- 
nal shell with said conformal area defines a first 
external shell, and wherein said muffler further 
comprises a second external shell secured to at 
least one of said plates and stamp formed to define 
at least one chamber in communication with said 
array of tubes, said second external shell being of 
generally convex configuration. 

21. A muffler as in claim 8 wherein said con- 
formal area is of generally arcuate concave con- 
figuration. 

22. A muffler as in claim 8 wherein said gen- 
erally concave conformal area comprises an in- 
wardly directed corner on said muffler defined by 
two intersecting surfaces. 

23: A muffler as in claim 8 wherein said con- 
formal area is approximately uniformly spaced from 
said structural component of said vehicle. 

24. A muffler as in claim 23 wherein said 
conformal area is of generally arcuate concave 
configuration. 

25. A muffler as in claim 23 wherein said 
conformal area comprises an inwardly directed cor- 
ner on said muffler defined by two intersecting 
surfaces. 

26. A muffler as in claim 23 wherein said 
conformal area is configured to be approximately 
uniformly spaced from said structure when said 
muffler is mounted on said vehicle. 

27. An exhaust system for a vehicle, said ve- 
hicle comprising an interna! combustion engine, a 
generally cylindrical drive shaft and a trunk well 
comprising a plurality of intersecting surfaces de- 
fining at least one outwardly directed corner, said 
exhaust system comprising: 

a resonator in communication with said engine, 
said resonator comprising a pair of plates secured 
in juxtaposed relationship, said plates being stamp 
formed to define an array of tubes therebetween, 
said array of tubes com prising at least one inlet, at 
least one outlet and first and second tuning tubes, 
said first tuning tube terminating at an aperture 
extending through one said plate, and the second 
tuning tube terminating at an aperture extending 



through the second of said plates, said resonator 
further comprising first and second external shells 
secured respectively to said plates, said external 
shells being stamp formed to define low frequency 

5 resonating chambers in communication respective- 
ly with said tuning tubes, said first external shell 
comprising an elongated generally arcuate concave 
conformal area conforming generally to the shape 
of said drive shaft, to enable said resonator to be 

io mounted in close proximity to said drive shaft; and 
a muffler comprising a pair of plates secured in 
juxtaposed relationship, said plates being stamp 
formed to define an array of tubes therebetween, 
said array of tubes comprising an inlet for commu- 

is nication with the outlet of said resonator and at 
least one outlet, said muffler further comprising a 
pair of external shells secured to said plates and 
defining at least one chamber in communication 
with said array of tubes of said muffler, one said 

20 external shell comprising an inwardly directed con- 
formal area defined by a plurality of intersecting 
surfaces, said conformal area generally conforming 
to the shape of the outwardly directed corner of 
said trunk well. 

25 
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